Nonenzymatic proton handling by carbonic anhydrase II during H+-lactate cotransport via monocarboxylate transporter 1.
Carbonic anhydrase (CA) is a ubiquitous enzyme catalyzing the equilibration of carbon dioxide, protons, and bicarbonate. For several acid/base-coupled membrane carriers it has been shown that the catalytic activity of CA supports transport activity, an interaction coined "transport metabolon." We have reported that CA isoform II (CAII) enhances lactate transport activity of the monocarboxylate transporter isoform I (MCT1) expressed in Xenopus oocytes, which does not require CAII catalytic activity (Becker, H. M., Fecher-Trost, C., Hirnet, D., Sültemeyer, D., and Deitmer, J. W. (2005) J. Biol. Chem. 280, 39882-39889 ). Coexpression of MCT1 with either wild type CAII or the catalytically inactive mutant CAII-V143Y similarly enhanced MCT1 activity, although injection of CAI or coexpression of an N-terminal mutant of CAII had no effect on MCT1 transport activity, demonstrating a specific, nonenzymatic action of CAII on lactate transport via MCT1. If the H(+) gradient was set to dominate the rate of lactate transport by applying low concentrations of lactate at a high H(+) concentration, the effect of CAII was largest. We tested the hypothesis of whether CAII helps to shuttle H(+) along the inner face of the cell membrane by measuring the pH change with fluorescent dye in different areas of interest during focal lactate application. Intracellular pH shifts decayed from the focus of lactate application to more distant sites much less when CAII had been injected. We present a hypothetical model in which the effective movement of H(+) into the bulk cytosol is increased by CAII, thus slowing the dissipation of the H(+) gradient across the cell membrane, which drives MCT1 activity.